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(54) Apparatus and method for testing electric conductivity of circuit patliways on circuit board 


(57) A testing apparatus and method for testing 
conductivity of electric pathways (12a, 1 2b, 1 2c) formed 
on a substrate (11). each pathway including a first wir- 
ing (121) and a second wiring (122) partially overlap- 
ping each other. The apparatus includes a first electric 
signal applier (52) for applying a first electric signal hav- 
ing an electric parameter changing with time to an input 
portion (123) of the first wiring (121), a first electrode 
(31) facing a first portion (123) of the second wiring 
(122), a second electrode (32) facing a second portion 
of the second wiring (122). a second electric signal 
applier (53) for applying to the second electrode (32) a 
second electric signal changing its electric parameter in 
the phase reverse to that of the first electric signal, and 
a monitor (60) for monitoring the signal transmitted to 
the first electrode (31) through its capacitive coupling. 
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Description 

[0001] This invention relates to an apparatus and 
method for testing an open or conductivity of circuit 
pathways formed on a substrate. The substrate may be 
a printed circuit board, a glass plate carrying transpar- 
ent conductors for a liquid crystal display and plasma 
display panel, a semiconductor package, film carrier, 
and the like. The circuit pathways are electric conduc- 
tors as may be identified as lines, traces, tracks, or wir- 
ing through which electric signals are transmitted or 
conveyed. 

[0002] After a circuit board is formed with electric 
circuit pathways, conductivity of a pathway and leakage 
of a cunrent from a pathway to the other are generally 
tested or inspected for the substrate by means of a cir- 
cuit board testing apparatus. Such test, sometimes 
refen-ed to as bare board test, is can-led out before elec- 
tronic devices are mounted on the circuit board in order 
to determine whether or not the circuit pathways have 
been properly formed. 

[0003] One circuit board testing apparatus and 
method are disclosed in U.S. Patent No. 5.969,530 co- 
assigned to the same assignee as that of the present 
application. The disclosure of the U.S. Patent is incorpo- 
rated herein by reference. According to this testing 
method, conductivity test is made with a probe being In 
contact with one end of a circuit pathway, while an elec- 
trode being opposed to the other end of the circuit path- 
way with a gap to form a capacitive coupling. According 
to that testing method, a test signal of which electric 
parameter changes, is supplied to the probe, runs 
through the pathway and is picked up through the 
capacitive coupling. The signal may be sinusoidal or 
sine wave signal, a pulse signal, or a signal appearing 
when a switch is turned on or off to connect or discon- 
nect a direct cun-ent to the probe. Thus, the signal 
changes its electric parameter to pass through the 
capacitive coupling between the electrode and the wir- 
ing. The prior art method Is advantageous in that the 
electrode may cover a plurality of circuit pathways and 
that conductivity is tested even if the pitches between 
the adjacerrt pathways are small. 
[0004] However, the testing apparatus and method 
according to the embodiments as disclosed in the 
above-mentioned U.S. Patent No. 5.969.530 have diffi- 
culty In detecting when the circuit pathway extends on 
both surfaces of the board and wirings of the pathway 
on the both surfaces of the board oppose to each other. 
The following description w«th reference to FIGS. 14A 
and 14B will clarify the difficulty. 
[0005] With reference to FIGS. 14A and 14B. a wir- 
ing 101 formed on a tx)ttom surface of a printed circuit 
board 100 under test and a wiring 102 formed on a top 
surface of the board 100 are electrically connected 
through a viahole conductor 103 with the wirings 101 
and 102 opposing to each other. The conductivity of the 
pathway comprised of the wirings 101 and 102 is 


detected based on an output derived from a planar elec- 
trode 105 located above the wiring 102 when the circuit 
pathway is applied with an electric signal through the 
probe 104. It is expected that the electric signal picked 
5 up by the electrode 1 05 is zero or low when an interrup- 
tion exists on the pathway, while the electric signal is 
atx)ve a predetermined level when the pathway is con- 
tinuous. 

[0006] However, in the case of pathway an-ange- 
10 ment shown in FIG. 14A and 14B. the upper and lower 
wirings 101 and 102 are capacitively coupled with each 
other when an interruption exists 106 on the pathway 
Let's assume that the capacitance for the coupling of 
the electrode 105 and the wiring 102 is C-i, while the 
15 capacitance for the coupling of the wiring 101 and 102 
is C2. 

[0007] This situation is likely to occur when a plural- 
ity of wirings or electrically conductive layers are formed 
on one surface of a circuit board or substrate, with the 
20 wirings or layers vertically overlap each other or located 
one above another. 

[0008] Also, this situation will occur not only with cir- 
cuit boards but also with other substrates such as a 
glass or other fransparent sul>strate for a liquid crystal 
25 display and a plasma display, a semiconductor pack- 
age, and film carrier 

[0009] In the case that there is the interruption 106 
in the wiring 1 02 as shown in FIGS. 1 4A and 1 4B. a total 
of capacitances Ct between the lower wiring 101 and 
30 the planar electrode 105 will be 

Ci = Ci -Ca/CCi-hCg) (1). 

In the case that the circuit pathway is continuous, i.e., 
35 electrically connected, the total capacitance is equal to 
the single capacitance 0^ since the oppositely arranged 
wirings 101 and 102 are connected with each other and 
the capacitance C2 does not appear, that Is. the oppo- 
site ends of the capacitance Cg are short-circuited. 
40 [001 0] In general, a capacitance C is expressed by 

C=£-S/d (2) 

wherein S. d and e respectivdy denote an opposing 
45 area of oppositely arranged conductors, a distance 
between the conductors, and a permittivity of a medium 
between the conductors. Accord ngly, the capacitances 
Ci and C2 are determined by the area S and the dis- 
tance d if the permittivity e of the medium constituting 
50 the board 1 00 is substantially the same as that of the air 
between the board 100 and the planar electrode 105. 
[0011] In FIGS 14A and 14B. it is assumed as the 
case of normal situation that tiie distance between 
the planar electrode 105 and the wiring 102 Is smaller 
55 than a thickness 62 of the circuit tK>ard 1 00. and an area 
Si of the portions of the planar electrode 105 and the 
wiring 102 that oppose or face each other is snralier 
than an area S2 of the portions of the wirings 101 and 
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102 that oppose each other The relatiorrship of the 
capacitances Ci and C2 can be expressed: 

C2>C, (3) 

5 

when a ratio S2/S1 is greater than a ratio d2/di. This sit- 
uation normaliy occur when the wirings 101 and 102 
oppose or face each other for a substantial extension. 
[0012] Here, C2 will become very greater than Ci 
when the ratio Sg/S^ is considerably large. In this case, 10 
Equation (1) is rewritten as follows: 

C 1 • C 2/{C 1+C2) = C i/(C 1/C2+I) (4) 


[0013] Accordingly, it can be understood that the 
output of the planar electrode 105 is not noticeably dif- 
ferent between in a state where the circuit pathway 
under test has an interruption and in a state where the 20 
circuit pathway under test has no interruption. Conse- 
quently, the conventional circuit board testing apparatus 
cannot satisfactorily distinguish defective circuit boards 
from good circuit boards in the case as discussed 
above. 

[001 4] It is an object of the present invention to pro- 
vide an improved apparatus for testing conductivity of 
electric pathways formed on a substrate. 
[001 5] It is another object of the present invention to 
provide an apparatus that detects continuity and discon- so 
tinuity of wirings of electric pathways on a substrate 
even when the wirings are located one above another 
[001 6] It is still another object of the present inven- 
tion to provide a printed circuit testing apparatus that 
detects defeat and non-defect of electric pathways or 35 
conductors of a printed circuit with high signal to noise 
ratio. 

[0017] It is yet another object of the present inven- 
tion to provide a testing apparatus for detecting electric 
conductivity of a pathway of a circuit pattern formed on 40 
a substrate with high accuracy. 
[001 8] It Is further object of the present invention to 
provide a method of detecting conductivity of a pathway 
or conductor of a circuit pattern on a substrate with high 
accuracy and high signal to noise ratio. 45 
[0019] It is still further object of the present Inven- 
tion to provide an improved method of detecting defect 
and non-defect of continuous pathways which overlap 
one another 

[0020] In one aspect of the invention, a circuit con- so 
ductivity testing apparatus is adapted for testing con- 
ductivity of circuit pathways formed on a substrate, and 
including a first wiring and a second wiring which over- 
lap each other The apparatus includes a first electric 
signal applier for applying, to a particular portion of the ss 
first wiring, a first electric signal having an electric 
parameter changing with time. The apparatus further 
includes a first electrode facing a first particular portion 
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of the second wiring, and a second electrode facing a 
second particular portion of the second wiring, a second 
electric signal applier for applying, to the second elec- 
trode, a second electric signal having an electric param- 
eter changing with time with a phase reverse to that of 
the first electric signal, and a judger electrically con- 
nected with the first electrode to judge, based on an out- 
put of the first electrode, whether there is a defect in the 
current pathway. 

[0021 ] In further aspect of the present invention, the 
first electrode faces or opposes to the first particular 
portion of the second wiring with a gap to be capaci- 
tively coupled with the first particular portion. The sec- 
ond electrode is capacitively coupled with the second 
particular portion of the second wiring. The electric sig- 
nals change their electric parameter such that the sig- 
nals may be transmitted through the capacitive 
coupling. The second electric signal serves to cancel, 
offset or reduce the effect of the capacitive coupling 
t>etween the first and second wiring. 
[0022] In another aspect of the invention, a method 
for testing conductivity of circuit pathways having a first 
wiring and a second wiring formed on a substrate and 
which overlaps each other The method comprises 
^eps of applying a first electric signal to a particular 
portion of the first wiring, and applying a second electric 
signal to a first particular portion of the second wiring. 
The first electric signal has an electric parameter 
changing with time, and the second electric signal has 
an electric parameter changing with time with a phase 
reverse to that of the first electric signal. The method 
further comprises steps of obtaining an electric output 
caused on the second wiring by the application of the 
first and second electric signals, and judging based on 
the electric output from the second wiring whether there 
is a defect in the current pathway. 
[0023] In still another aspect of the present inven- 
tion, the second electric signal is applied to the particu- 
lar portion of the second wiring with a gap to be 
capacitively coupled with the particular portion. An elec- 
tric output caused on the second wiring by the applica- 
tion of the first and second electric signals is derived by 
use of an electrode capacitively coupled with another 
particular portion of the second wiring. The electric sig- 
nals change their electric parameters such that the sig- 
nals may be transmitted through the capacitive 
coupling. The second electric signal serves to cancel, 
offset or reduce the effect of the capacitive coupling 
between the first and second wiring. 
[0024] According to an embodiment of the inven- 
tion, the first and second electrodes may be spaced 
away from the first and second particular portions, 
respectively- Further, a third electrode may be disposed 
between the first and second electrodes. The third elec- 
trode is grounded, or is applied with the output of the 
first electrode. The second electric signal may be 
applied to the second wiring in such a way that an elec- 
tric level caused on the second wiring by the second 
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electric signal is greater than an electric level caused on 
the second wiring by the first electric signal under pres- 
ence of a defect in the circuit pathway. 
[0025] Further, a switcher may be provided for 
sequerrtially and selectively applying the first electric s 
signal to respective particular portions of a plurality of 
first wirings of the circuit pathways. 
[0026] The circuit testing apparatus may be used 
for a circuit board formed with the particular portion of 
the first wiring on one surface and the first particular 
portion of the second wiring on the other surface. Alter- 
natively, the circuit testing apparatus may be used for a 
circuit board formed with the particular portion of the 
first wiring on the same surface as the first particular 
portion of the second wiring. 

[0027] The first electric signal applier may be pro- 
vided with a probe operable to come into contact with 
the particular portion of the first wiring. 
[0028] These and other objects, features and 
advantages of the present invention will become more 
apparent upon a reading of the following detailed 
description and accompanying drawings, in which: 

FIG. 1A is a block diagram showing an electrical 
construction of a circuit board testing apparatus 
according to a first embodiment of the invention: 
FIG. 1 B is a plan view showing a positional relation- 
ship of planar electrodes of a sensor unit and a cir- 
cuit board; 

FIG. 2A is a plan view of the circuit board to be 
tested; 

FIG. 2B is a side view of the circuit board to be 
tested; 

FIG. 3A is a plan view showing an arrangement of 
planar electrodes the sensor unit; 
FIG. 38 is a partially cut-away side view showing a 
location of the sensor unit relative to a circuit board 
under test: 

FIG. 4 is a diagram showing an equivalent circuit of 
the electrical r^ationship of the circuit board testing 
apparatus and the circuit tx>ard; 
FIG. 5A is a graph showing an output signal of an 
amplifier of the equivalent circuit shown in FIG. 3; 
FIG. SB Is a graph showing an output signal of an 
inverting amplifier of the equivalent circuit shown in 
FIG. 3; 

FIG. 5C is a graph showing an output signal of 
another amplifier of the equivalent circuit shown in 
FIG. 3; 

FIG. 6 is a block diagram showing a modified signal 
applying unit for the board testing apparatus shown 
in FIG. 1A; 

FIG. 7 is a block diagram showing an electrical con- 
struction of a circuit board testing apparatus 
according to a second emtKxJiment of the invention: 
FIG. 8 is a table showing respective operational 
states of switches of the circuit board testing appa- 
ratus of the second emtXKliment; 


FIG. 9 is a block diagram showing an electrical con- 
struction of a circuit board testing apparatus 
according to a third embodiment of the invention: 
FIG. 1 0A is a tslock diagram showing an electrical 
construction of a circuit t>oard testing apparati^ 
according to a fourth embodiment of the invention; 
FIG. 1 0B is a plan view showing a positional rela- 
tionship of planar electrodes of a sensor unit and a 
circuit kK>ard of the circuit board testing apparatis 
shown in FIG.10A; 

FIG. 1 1 A is a graph showing an output signal of an 
amplifier of the circuit board testing apparatus 
shown in FIG. IDA; 

FIG. 11 B is a graph showing an output signal of an 
inverting amplifier of the circuit tx)ard testing appa- 
ratus shown in FIG. 10A; 

FIG. 11C is a graph showing an output signal of 
another anrtplif ier of the circuit board testing appara- 
tus shown in FIG. 10A; 

Rg. 12 is a block diagram showing testing of a cir- 
cuit board formed with wirings therein by an inven- 
tive circuit board testing apparatus; 
FIG. 13 is a block diagram showing testing of 
another circuit t^oard formed with wirings therein by 
an inventive circuit board: and 
FIGS. 14Aand 14B show a conventional conductiv- 
ity testing. 

[0029] A circuit board testing apparatus according 
to a first embodiment of the invention will be described 
with reference to FIGS. 1A through 6. A circuit board 
testing apparatus 10 is provided with a probe 20, a sen- 
sor unit 30 and a controller 40. The controller 40 
includes a signal applying unit 50 and a judging unit 60. 
This circuit board testing apparatus 1 0 is adapted to test 
a conductivity t)etween circuit pathways formed on 
opposite surfaces of a circuit board 11. 
[0030] FIGS. 2A and 28 show a construction of the 
circuit board 11. Although actual circuit boards are 
formed with a plurality of circuit pathways, only a circuit 
pathway 1 2 is illustrated in drawings for the sake of sim- 
plicity. The circuit pathway 12 includes a wiring 121 
formed on a bottom surface, a wiring 122 formed on a 
top surface, and a viahole conductor 13 passing 
through a main txxJy of the circuit board 1 1 . The wirings 
121 and 122 are arranged one above the other or verti- 
cally overlap arKi face or opposed to each other. The 
testing apparatus 10 tests a conductivity between an 
end 123 of the wiring 121 and an end 124 of the wiring 
1 22. Both ends 1 23 and 1 24 have the form of a pad. 
[0031] Referring t^ck to FIGS. 1 A and IB. the 
probe 20 is nx»vable toward and away from the bottom 
surface of the circuit board 1 1 , and Is to be connected 
with the signal applying unit 50. Accordingly, the probe 
20 is brought into contact with the &n6 123 of the wiring 
121 to apply a voltage as a test signal to the end 123. 
The test signal n^y be such as shown in U.S. Patent 
No. 5,%9,530. In other words, the signal may be a sinu- 


15 


20 


25 


30 


35 


40 


45 


SO 


4 


EP 1 022 571 A2 


8 


soidal or sine wave signal, a pulse signal, or a signal 
appearing when a switch is turned on or off to connect 
or disconnect a direct current to the probe. Thus, the 
signal changes its electric parameter to pass through 
the capacitive coupling between the wiring 122 and a 
first electrode 31 to be described later. 
[0032] As shown in FIGS. 2A and 2B, the sensor 
unit 30 includes first to third planar electrodes 31, 32 
and 33, and is movable toward and away from the top 
surface of the circuit board 11 . A bottom surface o1 the 
sensor unit 30 is coated by an insulating film 301. The 
film is made of a hard synthetic resin, and has a thick- 
ness di. e.g., 0.03 mm. When the sensor unit 30 is 
placed on the circuit board 11. the wiring 121 and the 
electrodes 31 to 33 are electrically spaced from each 
other by the specified distance di . 
[0033] As shown in FIG. IB. the first planar elec- 
trode 31 is so arranged as to oppose to the end 124 of 
the wiring 122, and is connected with the judging unit 
60. The second planar electrode 32 is so arranged as to 
oppose to a portion between the end 124 of the wiring 
122 and the viahole conductor 13, and is connected 
with the signal applying unit 50. The third planar elec- 
trode 33 is so arranged as to oppose to a portion of the 
wiring 122 between its portion adjacent to the first pla- 
nar electrode 31 and the portion adjacent to the second 
planar electrode 32, and is grounded. It should be noted 
that only one set of the planar electrodes 31 through 33 
of a sensor unit 30 are shown in FIG. IB to cover a sin- 
gle wiring 122 for the sake of simplicity. However, the set 
of electrodes may cover a plurality of wirings, and a plu- 
rality of seisor units, each having the set of electrodes, 
may be provided to test a circuit board. 
[0034] The signal applying unit 50 of the controller 
40 is provided with a voltage output device 51 . an ampli- 
fier 52 and an inverting amplifier 53. Respective input 
terminals of the amplifiers 52 and 53 are connected to 
the voltage output device 51, whereas an output termi- 
nal of the amplifier 52 is connected to the probe 20 and 
an output terminal of the inverting amplifier 53 is con- 
nected to the second planar electrode 32. The voltage 
output device 51 outputs a voltage signal whose level 
changes with time, for exannple. The anplifier 52 ampli- 
fies the inputted voltage signal at a specified amplKica- 
tion factor without changing the phase thereof. The 
inverting amplifier 53 amplifies the inputted voltage sig- 
nal at a specified amplification factor while inverting the 
phase thereof. 

[0035] Voltage signals of the opposite phases are 
simultaneously applied to the probe 20 and the second 
planar electrode 32. respectively. It should be noted that 
the voltage output device 51 and the amplifier 52 consti- 
tute a first signal applying path, and the voltage output 
device 51 and the inverting amplifier 53 constitute a 
second signal applying path. 

[0036] The judging unit 60 is provided with an 
arrplifier 61, a peak-holding circuit 62 and a level judg- 
ing circuit 63. TTie amplifier 61 amplifies an output signal 


of the first planar electrode 31 . The peak-holding circuit 
62 holds a maximum value of the amplified output sig- 
nal. The level judging circuit 63 includes a conrparator to 
judge a conductivity of the circuit pathway 12 by com- 
5 paring the held maximum value with a predetermined 
reference value. 

[0037] Next, description will be made about capaci- 
tances between the respective planar electrodes 31 to 
33 of the sensor unit 30 and the circuit board 1 1 . arKi a 
10 capacitance between the wirings 121 and 122. 

[0038] It is assumed as shown in FIG. 1A that a 
capacitance defined by the first planar electrode 31 and 
the end 124 of the wiring 122 is Ci, a capacitance 
between the wiring 121 on the bottom surface and the 
15 wiring 122 on the top surface when the i circuit pathway 
12 is interrupted is C2, a capacitance between the sec- 
ond planar electrode 32 and the wiring 122 on the top 
surface is G3. and a capacitance between the third pla- 
nar electrode 33 and the wiring 122 on the top surface 
20 is C4. 

[0039] In this embodiment, the horizontal size of the 
second planar electrode 32 is larger than that of the first 
planar electrode 31 to make the area of the second pla- 
nar electrode 32 opposing to the wiring 1 22 greater than 
25 that of the first planar electrode 31. In this way, the 
respective capacitances satisfy the following relation- 
ship: 


30 


35 


40 


C-| « C2 
C 1 « C 3 


(5) 


when tiie wiring 122 is interrupted at a portion A as 
shown in FIGS. 1 A and IB. 

[0040] The circuit board 1 1 has a f ixed thickness da- 
The distance di between the sensor unit 30 and the cir- 
cuit board 11. i.e., the thickness of the insulating film 
301 , is so set as to satisfy the following relationship: 


Co ^ C. 


(6) 


while d^ < d2 • 

[0041 ] Next, operations of the circuit testing appara- 
tus 10 thus constructed will be described with reference 

45 to FIGS. 4 and 5A to 5C. As shown in FIG. 5A. a voltage 
signal which changes with time is outputted from the 
voltage output device 51 , and then outputted from the 
amplifier 52. and applied to the end 123 of tiie wiring 
121 via the probe 20. As shown in FIG. 5B, simultane- 

50 ously. a voltage signal having a phase reverse from that 
of the above voltage signal is outputted from the invert- 
ing amplifier 53, and applied to the second planar elec- 
trode 32. 

[0042] At this time, if the wiring 1 22 is into-rupted as 
55 shown in FIGS. 1A and IB. the wiring 122 is applied 
with the voltage signal having the inverted phase at a 
specified amplitude via a capadtive coupling having the 
capacitances C2 and C3 as shown in FIG. 4. Accord- 


5 


9 


EP 1 022 571 A2 


10 


ingly, the output signal of the ampfifier 61 becomes sub* 
stantially zero as shown by the bold solid line PI in FIG. 
5C if C2 = C3, and becomes negative as shown by the 
thin solid line P2 in FIG. 5C if C2 < C3. 
[0043] On the other hand, In the case where there is 
no interruption in the circuit pathway 12. the capaci- 
tance G2 in FIG. 4 is short-circuited by the wirings 121 
and 122. Accordingly, there is no influence of the volt- 
age signal applied via the capacitance C3 as compared 
to the voltage signal directly applied by the probe 20 
held in contact. Consequently the output signal of the 
amplifier 61 substantially coincides with the voltage sig- 
nal applied via the capacitance by the amplrf ler 52 as 
shown by the broken line P3 in FIG. 5C. 
[0044] The maximum value of the output signal of 
the amplifier 61 is held by the peak-holding circuit 62, 
and is compared with the predetermine reference value 
by the level judging circuit 63 to judge as to whether or 
not the circuit pathway has an opened current. 
[0045] The second planar electrode 32 opposed to 
the wiring 122 is provided, and is applied with the volt- 
age signal having a phase reverse from that of the out- 
put signal of the probe 20 as described above. 
Accordingly, a noticeable difference will exist between 
the output level of the first planar electrode 31 when the 
circuit pathway 12 has no opened current and that when 
the circuit pathway 12 has an opened cun-ent. Thus, the 
conductivity of the circuit pathway 12 can be effectively 
judged without fail. 

[0046] Further, since the third planar electrode 33 is 
arranged between the first and second planar elec- 
trodes 31 and 32 and is grounded, the voltage signal of 
the inverted phase applied to the second planar elec- 
trode 32 is kept from transmitting to the first planar elec- 
trode 31 by way of a possible capadtive linkage of the 
first electrode 31 and the second electrode 32. In other 
words, the third electrode 33 intervenes between the 
electrodes 31 and 32 to block the interference therebe- 
tween. 

[0047] Instead of the signal applying unit 50 shown 
in FIG. 1 A. a signal applying unit 50 as shown in FIG. 6 
may be used. The signal applying unit 50 comprises a 
first voltage output device 54 for outputting a voltage 
signal whose level changes with time In the manner sim- 
ilar to that of the voltage output de^nce 51 , a second volt- 
age output device 55 for outputting a voltage signal 
whose phase is reverse from that of the voltage signal 
outputted from the voltage output device 54. and an out- 
put control device 56 for controlling the voltage output 
devices 54 and 55 to simultaneously output the voltage 
signals. 

[0048] Next, a circuit board testing apparatus 
according to a second embodiment of the present 
irtvention will be described with reference to FIGS. 7 
arxJ 8. FIG. 7 shows an electrical construction of the 
second entxxiiment. and FIG. 8 shows respective 
operational states of switches during each stage of tests 
conducted in this embodiment. It shoub be noted that 


the same elements as in the first embodiment are indi- 
cated with the same reference numerals. 
[0049] In this embodiment, conductivity tests are 
conducted for a plurality of circuit pathways, for exam- 

5 pie, three circuit pathways 12a. 12b and 12c formed on 
both surfaces of a circuit board 1 1 as shown in FIG. 7. 
Specifically, a circuit board testing apparatus 10 is pro- 
vided with three probes 20a. 20b. and 20c. a sensor unit 
30. a controller 40. and a switch unit 70. The controller 

10 40 includes a signal applying unit 50 and a judging unit 
60 which are substantially the same in construction as 
those of the first ennbodiment. Similarly to the first 
emtxxjiment. the sensor unit 30 includes first to third 
planar electrodes 31, 32 and 33. However, these planar 

15 electrodes 31. 32, and 33 each have such an extent to 
cover wirings 1 22a, 1 22b and 1 22c formed on a top sur- 
face of the circuit board 1 1 simultaneously. The probes 
20a, 20b and 20c are brought into contact with ends 
123a. 123b and 123c of wirings 121a, 121b and 121c 

20 formed on a lx)ttom surface of the drcuit t>oard 1 1 . 
[0050] The switch unit 70 is constructed by transis- 
tors. The switch unit 70 includes switches SW1 1 . SW12. 
SW21 . SW22, SW31 and SW32 of which turning on and 
off are controlled by the controller 40. respectively 

25 [0051] The prot>e 20a Is to be connected to an out- 
put terminal of the amplifier 52 via the switch SW1 1 and 
is to be grounded via the switch SW12. The probe 20b 
is to be connected to the output terminal of the amplifier 
52 via the switch SW21 and is to be grounded via the 

30 switch SW22. The probe 20c is to be connected to the 
output terminal of the amplifier 52 via the switch SW31 
and Is to be grounded via the switch SW32. 
[0052] The on and off of respective switches of the 
switch unit 70 is controlled by the controller 40 in the 

35 manner as shown in FIG. 8. Conductivity test for the cir- 
cuit pathways 12a, 12b and 12c are successively con- 
ducted by applying a voltage signal to the probe 20a in 
the first test, by applying a voltage signal to the probe 
20b in the second test, and by applying a voltage signal 

40 to the probe 20c in the third test. 

[0053] The signal applying unit 50 and the judging 
unit 60 operate sut>stantially in the same way as in the 
first emtxxiiment. In this embodiment, the conductivity 
of a number of circuit patfiways formed on the bolh sur- 

45 faces of a drcuit board can be tested nrrore eff idently 
[0054] FIG. 9 is a block diagram showing an electri- 
cal construction of an drcuit t>oard testing apparatus 
according to a third emtxxiiment of the invention. It 
should be noted that the same elements as those in the 

50 first and second embodiments are indicated with the 
same reference numerals. 

[0055] A circuit board testing apparatus 10 is pro- 
vided with three probes 20a. 20b. and 20c. a sensor unit 
30. a controller 40, and a switch unit 70. The controller 
55 40 indiKles a signal applying unit 50 and a judging unit 
60 which are the same in construction as those of the 
first and second enfibodiments. 
[0056] The sensor unit 30 indudes first to third pla- 
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nar electrodes 31, 32 and 34. However, these planar 
electrodes 31 , 32. and 34 each have such an extent to 
cover wirings 1 22a, 1 22b and 1 22c formed on a top sur- 
face of the circuit board 1 1 simultaneously. However, the 
third planar electrode 34 in this embodiment is different 
from the third planar electrode 33 in the first and second 
embodiments in that it is not grounded as described 
later. 

[0057] Further this circuit board testing apparatus 
1 0 is provided wit a non-inverting buffer 80. An input ter- 
minal of the buffer 80 is connected to the first planar 
electrode 31 while an output terminal of the buffer 80 is 
connected to the third planar electrode 34. 
[(K)58] In this construction, when a voltage signal is 
applied to a probe 20a (20b or 20c) and the second pla- 
nar electrodes 32 from the signal applying unit 50, a 
voltage signal outputted from the first planar electrode 
31 is applied to the third planar electrode 34. Accord- 
ingly, the third planar electrode at the same potential as 
that of the first planar electrode 31 keeps the first planar 
electrode 31 free from an influence of the voltage signal 
of a reverse phase applied to the second planar elec- 
trodes 32. 

[0059] It will be seen that a composite capacitance 
occurs between the first planar electrode 31 and the 
third planar electrode 33 when the latter is grounded as 
in the first and second embodiments, consequently 
attenuating the voltage signal outputted from the first 
planar electrode 31 . To ensure conductivity test, accord- 
ingly, it is necessary to make smaller the opposing area 
of the grounded third planar electrode 33 to the circuit 
pathway 12. In the third embodiment, however, compos- 
ite capacitance is prevented by making the third planar 
electrodes 34 at the same potential as that of the first 
planar electrode 31 in the above-mentioned way instead 
of grounding the third planar electrode 34. This makes it 
possible to increase the opposing area of a circuit patti- 
way 12 for conductivity test. 

[0060] As shown by phantom lines in FIG. 9. also, it 
may be appreciated to provide another third planar elec- 
trode 34' on the other side of the first planar electrode 
31 to sandwich the first planar electrode 31 with the two 
third planar electrodes 34 and 34 , and further provide 
another second planar electrode 32* on the other side of 
the first planar electrode 31 to sandwich the first planar 
electrode 31 with the two second planar electrodes 32, 
32' and the two third planar electrodes 34, 34\ This will 
reduce the influence of external noise on the first planar 
electrode 31 , thereby assuring more accurate conduc- 
tivity test. 

[0061] Next, a circuit board testing apparatus 
according to a fourth embodiment will be described with 
reference to FIGS. 10A. 10B. and 11 A through 11C- A 
circuit tx)ard testing apparatus of the fourth embodiment 
is adaptable for testing a circuit board formed with circuit 
pathways on both surfaces of the circuit board but die 
both ends of each circuit pathway being on the same 
surface. 


[0062] As shown in FIGS. 1 0A and 1 0B. specifically 
a circuit board 1 1 under test is formed with a wiring 
1 21 a on a bottom surface, a wiring 1 22 on a top surface, 
awiring 121bon the top surface, a viahole conductor 13 
5 connecting the wiring 121a and the wiring 122, and a 
viahole conductor 14 connecting the wiring 121a and 
the wiring 121b. The wiring 122 and the wiring 121b on 
the same surface are not electrically connected. The 
wirings 121a and 122 face or oppose to each other, 
)0 sandwiching the circuit board 1 1. 

[0063] A circuit testing apparatus is provided with a 
probe 20, a sensor unit 30 and a controller 40. The sen- 
sor unit 30 and the controller 40 have the same con- 
struction as that of the first embodiment. However, the 
15 probe 20 is an-anged so as to move toward and away 
from the top surface of the circuit board 1 1 , and thereby 
come into contact with the end 123 of the wiring 121b 
formed on the top surface of the circuit 1 1 to apply a 
voltage to the end 123. 
20 [0064] The operation of the circuit testing apparatus 

10 of the fourth embodiment is carried out in the similar 
way to the foregoing embodiment As shown in FIG. 

1 1 A, a voltage signal which changes with time is output- 
ted from a voltage output device 51, and then outputted 

25 from the amplifier 52. and applied to the end 123 of the 
wiring 121b via the probe 20. As shown in FIG. 118. a 
voltage signal having a phase reverse from that of the 
above voltage signal is outputted from the inverting 
amplifier 53, and applied to the second planar electrode 
30 32. 

[0065] If there is no interruption in the circuit path- 
way 12, the output signal of the amplifier 61 substan- 
tially coincides with the voltage signal applied via the 
capacitance Ci by the amplifier 52 as shown by the bro- 
35 ken line P3 in FIG. 11C as described earlier. On the 
other hand, if there is an interruption in the wiring 1 22 or 
the wiring 121a, the output signal of an amplifier 61 
becomes substantially zero as shown by the bold solid 
line PI in FIG. 1 1C if C2 = C3. and becomes negative as 
40 Shown by the thin solid line P2 in FIG. 1 1 C if Cg < C3 as 
described earlier. 

[0066] If there is an inten-uption in the wiring 121a 
or the wiring 1 2 1 bp the voltage signal applied on the wir- 
ing 121bis not transmitted to the wiring 122, butthe wir- 
45 ing 121a is applied with the voltage signal having the 
inverted phase via the capacitance C3. Accordingly, the 
output signal of the amplifier 61 becomes negative as 
shown by the dotted line P4 in FIG. 1 1C. 
[0067] Accordingly the circuit board testing appara- 
50 tus can accurately detect a defect such as the interrup- 
tion in the circuit pathway, that is, a defect in the viahole 
conductor 14 connecting the wirings 121a and 121b. in 
the wiring 121a. in the wiring 122, or in the viahole con- 
ductor 13 connecting the wirings 121a and 122. 
56 [0068] It should be noted that even if the wiring 
121b formed on the top surface has a smaller size, e.g.. 
a land specially provided for testing, the circuit board 
apparatus of the fourth embodiment can sufficiently 
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accomplish the specified testing operation. 
[0069] Next will be described testing of a circuit 
board having a plurality of wirings arranged one above 
another on one side of the circuit board with reference 
to FIGS. 12 and 13. 5 
[0070] FIG. 12 shows a circuit board 81 formed with 
a wiring 82 and a wiring 85 on a top surface of an insu- 
lating layer, a wiring 83 in the layer, a viahole conductor 
84 connecting the outside wiring 82 and the inside wir- 
ing 83, and a viahole conductor 86 connecting the out- io 
side wiring 85 and the inside wiring 83. The outside 
wiring 82 opposes to a part of the inside wiring 83 in 
parallel. Also, the circuit board 81 is formed with a wiring 
87 on a bottom of the layer. The wiring 87 Is electrically 
connected with the inside wiring 83 through a viahole is 
conductor 88. A capacitive coupling with a capacitance 
G2 will be produced between the outside wiring 82 and 
the inside wiring 83 it a defect occurs in the circuit path- 
way, e.g.. at the position A in FIG. 12. The first to third 
planar electrodes and the distance d1 of the sensor 30 20 
is so constructed that the capacitance C2 satisfies the 
above-mentioned Equations (5) and (6). 
[0071] In the case of the testing apparatus of the 
fourth embodiment, as shown in FIG. 12. the probe 20 
is brought into contact with the wiring 85 while the sen- 2S 
sor 30 is positioned so that the first planar electrode 31 
opposes to an end 821 of the wiring 82. In this state, the 
conductivity of the circuit pathway including the outside 
wiring 82, the viahole conductor 84, the inside wiring 83. 
the viahole conductor 86, and the wiring 85 is tested. so 
[0072] In the case of the testing apparatus of the 
first to third ennbodiment, alternatively, the probe 20 is 
brought into contact with a wiring corresponding to the 
wiring 87 while the sensor 30 Is held above the specified 
top position. In this state, the conductivity of the outside 35 
wiring 82, the viahole conductor 84. the inside wiring 83. 
the viahole conductor 88, and the wiring 87 can be 
tested. 

[0073] Further, a circuit board 81 shown in FIG. 13 
may be tested by a circuit board testing apparatus simi- 40 
lar to either of the first to fourth embocfiments. The cir- 
cuit board is formed with a wiring 82 arxi a wiring 85 on 
a top surface of an Insulating layer, a wiring 83 in the 
layer, a wiring 91 in the layer, a wiring 93 and a wiring 95 
on a bottom of the layer, a viahole conductor 84 con- 45 
necting the outside wiring 82 and the inside wiring 83, a 
viahole conductor 86 connecting the outside wiring 85 
and the inside wiring 83, a viahole conductor 92 con- 
necting the Inside wirings 83 and 91, a viahole corKluc- 
tor 94 connecting the inside wiring 91 and the outside so 
wiring 93. and a viahole conductor 96 connecting the 
inside wiring 91 and the outside wiring 95. The outside 
wiring 82 and the inside wirings 83 and 91 oppose to 
one another. 

[0074] If a defect occurs in the outside wiring 82, ss 
e.g.. at the position A in FIG. 13, a capacitive coupling 
of a capacitance C2 formed between the outside wiring 
82 and the inside wring 83 is effectuated. Also, If a 


defect occurs in the inside wiring 83, e.g.. at the position 
B in FIG. 13, a capacitive coupling of a capacitance C2 
formed between the inside wiring 83 and tiie ir^de wir- 
ing 91 is effectuated. The first to third planar electrodes 
and the distance d1 of the sensor 30 is so constructed 
tiiat the capacitance C2 satisfies the above-mentioned 
Equations (5) and (6). 

[0075] tn the case of tiie testing apparatus of the 
fourth embodiment, as shown in FIG. 13. the probe 20 
is brought into contact with the wiring 85 while the sen- 
sor 30 is positioned so that tiie first planar electrode 31 
opposes to an end 821 of the wiring 82. In this state, tiie 
conductivity of the circuit pathway including the outside 
wiring 82, the viahole conductor 84, the inside wiring 83, 
the viahole conductor 86, and the wiring 85 Is tested. 
[0076] In tiie case of the testing apparatus of tiie 
first to third embodiments, alternatively, the probe 20 is 
brought into contact with the wiring conesponding to the 
wiring 93 or 95 toned on the bottom surface while tiie 
sensor 30 is held above the specified top position. In tiie 
state where the wiring 93 is applied with the specified 
electric signal tiirough the probe 20, the conductivity of 
the outside wiring 93, the viahole conductor 94. the via- 
hole conductor 92. the inside wiring 83. the viahole con- 
ductor 84. and the outside wiring 82 can be tested. In 
the state where the wiring 95 is applied with the speci- 
fied voltage signal by tiie probe 20, the conductivity of 
the outside wiring 95, the viahole corKluctor 96, tiie 
inside wiring 91 . the viahole conductor 92, the inside 
wiring 83. the viahole conductor 84, and the outside wir- 
ing 82 can be tested. 

[0077] The present Invention is not limited to tiie 
foregoing embodiments, but may be carried out in vari- 
ous forms such as descrit^ below. 

(1) Instead of the amplifier 52 and the inverting 
amplifier 53. a non-inverting amplifier and an invert- 
ing amplifier each having an amplification factor of 1 
may be used. Alternatively, tiie amplifier 52 and tiie 
inverting amplifier 53 may be interchanged by each 
other. 

(2) If C2 > C3 unliKe Equation (6) depending on the 
setting of the distance d1 between the sensor unit 
30 and the circuit board 1 1 . the amplification factor 
of the inverting amplifier 53 may be set larger than 
that of the amplifier 52. For example. If C3*=?C2^. 
the amplification factor of the inverting amplifier 53 
may be set about twice as large as that of the ampli- 
fier 52. 

Specifically if the level of the voltage signal 
applied to tiie wiring 122 via tiie capacitance C3 is 
set larger tiian tiiat of the voltage signal applied to 
the wiring 122 via the capacitance C2. the output 
signal of tiie amplifier 61 in tiie case of Interruption 
in the wiring 122 becomes zero or negative as 
shown by bold solid line PI or tiiin solid line P2 tn 
FIG. 5C. As a result, whether or not the circuit path- 
way assembly is satisfactory can be securely 
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judged. 

(3) Although the voltage signal whose level 
changes is outputted from the voltage output 
means 51 as shown in FIG. 5A in the foregoing 
ennbodiments. the voltage signal is not limited 
thereto. Any electric signal, such as a sinusoidal AC 
cun-ent, rectangular pulse wave signal, or triangular 
pulse signal, may be applied to the probe so far as 
its electric parameter changes with time to pass 
through a capacitive coupling. 

[0078] In the circuit board testing apparatus, as 
described above, a first electric signal is applied to a 
particular portion of a first wiring of a circuit pathway 
while a second electric signal having a phase reverse to 
the first electric signal is applied to a second wiring 
opposite to the first wiring by way of a capacitance. An 
output electric signal caused on the second wiring by 
the first and second electric signals is detected to judge 
whether there is a defect in the circuit pathway. This 
construction distinguishably differentiates the output of 
the second wiring in the case of the circuit pathway hav- 
ing no defect from the output of the second wiring in the 
case of the circuit pathway having a defect Accordingly, 
the conductivity of the circuit pathways formed on the 
circuit board can be checked more accurately. 
[0079] As this invention may be embodied in sev- 
eral forms without departing from the spirit of essential 
characteristics thereof, the present embodiment is 
therefore illustrative and not restrictive, since the scope 
of the invention is defined by the appended claims 
rather than by the description preceding them, and all 
changes that fall within metes and bounds of the claims, 
or equivalence of such metes and bounds are therefore 
intended to embraced by the clainre. 

Claims 

1. A testing apparatus for testing conductivity of at 
least one electric pathway (12) formed on a sub- 
strate (11), the pathway (11) including a first wiring 
(121) having an input portion (123). and a second 
wiring (122) connected with the first wiring (121) 
and arranged above the first wiring (121) and at 
least partially overlapping the first wiring (121), the 
testing apparatus comprising: 

a first electric signal applier {52) for applying a 
first electric signal to the input portion (123) of 
the first wiring (121). the first signal changing 
Its electric parameter to be transmitted through 
capacitive coupling; 

a first electrode (31) facing a first portion (124) 
of the second vwring (122) with a gap to be 
capasitively coupled therewith; 
a second electrode (32) facing a second por- 
tion of the second wiring (122) with a gap to be 
capacitively coupled therewith; 


a second electric signal applier (53) for apply- 
ing a second electric signal to the second elec- 
trode (32), the second electric signal changing 
its electric parameter in the phase reverse to 
5 that of the first electric signal; and 

a monitor (60) for monitoring the signal trans- 
mitted to the first electrode (31) through its 
capacitive coupling. 

10 2. A testing apparatus according to claim 1. further 
comprising a third electrode (33) facing the second 
wiring (122) with a gap to be capasitively coupled 
therewith, the third electrode (33) being interposed 
between the first and second electrodes (31. 32) 
15 and being grounded. 

3. A testing apparatus according to claim 1 , further 
comprising: 


30 4. 


35 


20 a third electrode (33) facing the second wiring 

(122) with a gap to be capasitively coupled 
therewith, the third electrode (33) being inter- 
posed between the first and second electrodes 
(31. 32); and 

25 a third electric signal applier (80) for applying to 

the third electrode (34) a signal that blocks the 
influence of the second electric signal to the 
first electrode (31). 

A testing apparatus according to claim 3. further 
comprising a fourth electrode (32*)facing the sec- 
ond wiring (122) with a gap to be capasitively cou- 
pled therewith on the opposite side from the second 
^ectrode (32) and a fifth electrode (34*) facing the 
second wiring (122) with a gap to be capasitively 
coupled therewith between tiie first and fourth elec- 
trodes (31 . 32^. wherein the fourth electrode (32*) is 
connected with the second electric signal applier 
(53) and the fifth electrode (34*) is connected with 
40 the third electric signal applier (80). 

5. A testing apparatus according to claim 3. wherein 
the third signal applier (80) includes a circuit (80) to 
apply the first electric signal to the third electrode 
45 (34) through a non-reverse buffer. 

6- A testing apparatus according to claim 1 . wherein: 

the testing apparatus is adapted to test con- 
so ductivity of a plurality of electric pathways (1 2a. 

12b. 12c) formed on a substrate (11). each 
pathway including a first wiring (121a. 121b. 
121c) having an input portion (123a. 123b. 
123c), and a second wiring (122a. 122b. 122c) 
55 connected with the first wiring (121a. 121b, 

121c) and an^anged above the first wiring 
(121a. 121b. 121c) and at least partially over- 
lapping the first wiring (121a. 121b. 121c); 
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the first electric signal applier (52) selectively 
applies the first electric signal to the input por- 
tion (123a, 123b. 123c) of each first wiring 
(121a. 121b, 121c); and 
the first and second electrodes (31. 32) face 
first and second portions of second wirings 
(122a. 122b, 122c), respectively. 

7. A testing apparatus according to daim 6, further 
comprising a third electrode (33) facing second wir- 
ings (122a. 122b. 122c) with a gap to be capasit- 
ively coupled therewith, the third electrode (33) 
being interposed between the first and second 
electrodes (31 . 32) and being grounded. 

8. A testing apparatus according to daim 6. further 
comprising: 

a third electrode (34) facing second wirings 
(122a, 122b, 122c) with a gap to be capasit- 
ivety coupled therewith, the third electrode (34) 
being interposed between the first and second 
electrodes (31 . 32); and 
a third electric signal applier (80) for applying to 
the third electrode (34) a signal that blocks the 
influence of the second electric signal to the 
first electrode (31). 

9. A testing apparatus according to daim 8. further 
comprising a fourth electrode (32") fadng second 
wirings (122a, 122b, 122c) with a gap to be capasi- 
tively coupled therewith on the opposite side from 
the second electrode (32); a fifth electrode (34*) fac- 
ing second wirings (122a. 122b. 122c) with a gap to 
be capacitivety coupled therewith between the first 
and fourth electrodes (31, 32*), wherein the fourth 
electrode (32*) is connected with the second elec- 
tric signal applier (53) and the fifth electrode (34') is 
connected with the third electric signal applier (80). 

10. A testing apparatus according to daim 6, wherein 
the first electric signal applier (52) indudes a signal 
generator (52) for generating a signal changing its 
electric parameter with time to pass through a 
capacitive coupling, a switch assembly (70) for 
sequentially and selectively connecting the signal 
generator (52) to one of the first wirings (121a. 
121b. 121c). 

11. A testing apparatus according to claim 10. wherein 
the first electric signal applier (52) further include a 
plurality of proves (20a. 20b, 20c) to be in contact 
with first wirings (121a. 121b. 121c), and the switch 
assemtMy (70) is connected with the probes (20a. 
20b. 20c). 

12. A testing apparatus according to claim 6, wherein 
the apparatus is adapted to test pathways (12a. 


12b, 12c) of which first wirings (121a. 121b, 121c) 
are formed on one side of the substrate (11) and 
second wirings (122a. 122b. 122c) are formed on 
the other side of the substrate (1 1). 

5 

13. A testing apparatus according to daim 12, wherein 
the first signal applier (52) indudes probes (20a. 
20b. 20c) to be electrically connected with the input 
portions (123a, 123b. 123c) of first wirings (121a, 
10 121b. 121c) on one side of the substrate (11). and 
the first and second electrodes (31 . 32) are to face 
second wirings (122a. 122b, 122c) on the other 
side of the sut>strate (1 1). 

15 14. A testing apparatus according to daim 6. wherein 
the apparatus is adapted to test pathways (12a. 
12b. 12c) of which first and second wirings (121a. 
121b, 121c. 122a. 122b, 122c) are formed on the 
one side of the substrate (11). 

20 

15. A testing apparatus according to daim 14, wherein 
the input portions (123a. 123b, 123c) of first wiring 
(121a, 121b, 121c) and second wirings (122a. 
122b. 122c) are expc^ed to atmosphere, and the 

25 first signal applier includes probes (20a. 20b, 20c) 
to be electrically connected with the input portions 
(123a. 123b. 123c) of first wirings (121a. 121b. 
121c), and the first and second electrodes (31 . 32) 
are to face second wirings (122a, 122b. 122c). 

30 

16. A method for testing conductivity of at least one 
^ectric pathway (12) formed on a substrate (11). 
the pathway (12) including a first wiring (121) hav- 
ing an input portion (123), and a second wiring 

35 (122) connected with the first wiring (121) and 
arranged above the first wiring (121) and at least 
partially overlapping the first wiring (121), the 
method comprising steps of: 

40 generating a first electric signal of which elec- 

tric parameter changes with time to be trans- 
mitted through a capacitive coupling; 
applying the first electric signal to the input por- 
tion (123) of the first wiring (121): 

45 rendering a first electrode (31) face a first por- 

tion (1 24) of the second wiring (1 22) with a gap 
to be capadtively coupled therewith; 
rendering a second electrode (32) face a sec- 
ond portion of the second wiring (122) with a 

50 gap to be capadtively coupled therewith; 

generating a second electric signal having a 
phase reverse to that of the first electric signal; 
applying the seocnd electric signal to the sec- 
ond electrode (32) while the first signal is being 

55 applied; and 

monitoring the signal transnrntted to the first 
electrode (31) through its capacitive coupling. 
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17. A method according to claim 16, further comprising 
a step of interposing a third electrode (33) between 
the first and second electrodes (31, 32) to face the 
second wiring (122) with a gap to be capasitively 
coupled therewith, the third electrode (33) being 
grounded. 

18. A method according to claim 16. further comprising 
steps of: 

interposing a third electrode (33) between the 
first and second electrodes (31 . 32) to face the 
second wiring (122) with a gap to be capasit- 
ively coupled therewith: 
generating a blocking signal of blocking the 
influence of the second electric signal to the 
first electrode (31): and 
applying the blocking signal to the third elec- 
trode (33) while the first signal is being applied. 

1 9. A method according to claim 1 8, further comprising 
steps of: 

rendering a fourth electrode (32') face the sec- 
ond wiring (122) with a gap to be capacitively 
coupled therewith on the opposite side from the 
second electrode (32); 

rendering a fifth electrode (340 face the second 
wiring (122) with a gap to be capacitively cou- 
pled therewith between the first and fourth 
electrodes (31. 32'); 

applying the second electric signal to the fourth 
electrode (32^ while the first signal is being 
applied; and 

applying the blocking signal to the fifth elec- 
trode (34*) while the first signal is being applied. 


ing (121a. 121b, 121c) and arranged above the first 
wiring (121a, 121b, 121c) and at least partially 
overlapping the first wiring (121a, 121b. 121c). 

5 22. A method according to claim 21. wherein the first 
electric signal application step includes a step of 
sequentially and selectively applying the first signal 
to one of the first wirings (121a, 121b. 121c). 

10 23. A method according to claim 21. wherein the 
method is adapted to test pathways (12a. 12b. 12c) 
of which first wirings (121a. 121b, 121c) are formed 
on one side of the substrate (11) and second wir- 
ings (122a, 122b, 122c) are formed on the other 

15 side of the substrate (11). 


20 


25 


24. A method according to claim 21, wherein the 
method is adapted to test pathways (1 2a. 1 2b. 1 2c) 
of which first and second wirings (121a. 121b. 
121c. 122a, 122b. 122c) are formed on the one side 
of the substrate (11). 
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A method according to daim 16. further comprising 
steps of: 

interposing a third electrode (34) between the 
first and second electrodes (31 , 32) to face the 
second wiring (122) with a gap to be capasit- 
ively coupled therewith: 

gen^ating a blocking signal of blocking the 
influence of the second electric signal to the 
f irst electrode (31); and 
applying to the third electrode (34) the first 
electric signal through a non-reverse buffer 
(80) while the first signal is being applied. 

A method according to daim 16. wherein the 
method is adapted to test conductivity of a plurality 
of electric pathways (12a. 12b. 12c) fomied on a 
substrate (11). each pathway (12a, 12b. 12c) 
induding a first wiring (121a. 121b. 121c) having an 
input portion (123a. 123b. 123c). and a second wir- 
ing (122a. 122b. 122c) connected with the first wir- 
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